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Mutations in the Desmoglein 4 Gene Underlie
Localized Autosomal Recessive Hypotrichosis with
Monilethrix Hairs and Congenital Scalp Erosions
Julie V. Schaffer1, Hisham Bazzi2, Anna Vitebsky2, Agnieszka Witkiewicz1,3, Olympia I. Kovich1,3,
Hideko Kamino1,3, Lawrence S. Shapiro4, Snehal P. Amin5, Seth J. Orlow1 and Angela M. Christiano2,6
Localized autosomal recessive hypotrichosis (LAH) is a recently defined disorder characterized by fragile, short,
sparse hairs on the scalp, trunk, and extremities. Mutations in desmoglein 4 (DSG4), a novel member of the
desmosomal cadherin family that is expressed in the hair follicle as well as the suprabasal epidermis, have been
found to underlie LAH. Thus far, the allelic series includes a recurrent intragenic deletion identified in affected
Pakastani kindreds and a missense mutation detected in an Iraqi family. We report three siblings of Iraqi and
Iranian origin with LAH that presented with congenital scalp erosions and monilethrix-like hairs, features that
have not been previously described in this disorder. Follicular hyperkeratotic papules and marked pruritus were
also prominent clinical findings. Novel compound heterozygous DSG4 mutations, including a splice-site
mutation and a missense mutation that disrupts a conserved calcium-binding site in the extracellular (EC)2–EC3
interface, were found to underlie the disease in this family. These observations broaden the phenotypic and
genotypic spectrum of LAH, further illustrating the consequences of DSG4 dysfunction on epidermal and hair
shaft integrity.
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INTRODUCTION
Localized autosomal recessive hypotrichosis (LAH, OMIM
607903) is a recently defined disorder characterized by
fragile hairs that break easily, leaving short, sparse scalp
hairs. This form of hereditary hypotrichosis affects the trunk
and extremities as well as the scalp. The eyebrows and
eyelashes may also be involved, whereas beard, pubic, and
axillary hairs are largely spared (Kljuic et al., 2003; Rafiq
et al., 2003; Moss et al., 2004; Messenger et al., 2005). In
addition, patients can develop hyperkeratotic follicular
papules, erythema, and pruritus in affected areas.
We and others reported linkage of LAH to the region of the
desmosomal cadherin gene cluster on chromosome 18
(Kljuic et al., 2003; Rafiq et al., 2003), within which we
identified a novel member of this gene family, desmoglein 4
(DSG4) (Kljuic et al., 2003; Whittock and Bower, 2003). A
large, intragenic deletion of exons 5–8 in DSG4 was initially
found to be the underlying defect in two unrelated LAH
pedigrees of Pakistani origin (Kljuic et al., 2003). The same
deletion was subsequently detected in five additional
Pakistani kindreds (Moss et al., 2004; Rafiq et al., 2004),
suggesting that it represents an ancestral mutation that has
been widely dispersed. In order to expand the allelic series of
DSG4 mutations that result in LAH, we analyzed the gene in
patients with clinical features of LAH who originated from
other areas of the world. This led to the identification of a
family of Iraqi origin with a mutation in the cadherin
interaction site of DSG4 (Messenger et al., 2005).
Using comparative genomics, we have also demonstrated
that the lanceolate hair (lah) phenotype in mice is due to
mutations in the orthologous Dsg4 gene, including both
hypomorphic (lah/lah) and null (lahJ/lahJ) alleles (Kljuic et al.,
2003). More recently, we identified three different Dsg4
mutations associated with the autosomal recessive lah
phenotype in rats (Bazzi et al., 2004; Jahoda et al., 2004;
Meyer et al., 2004). Lanceolate hair mice manifest with
sparse, short, fragile hairs that disappear over the first few
months of life (Montagutelli et al., 1996; Sundberg et al.,
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2000), while the rats demonstrate progressively patchy
growth of stubbly gray hairs and their subsequent loss (Bazzi
et al., 2004; Jahoda et al., 2004; Meyer et al., 2004).
The term ‘‘lanceolate’’ refers to the bulbous swelling that
is seen at the distal tips of broken hairs in affected animals.
This swelling originates in the lower portion of the anagen
hair follicle, where ‘‘blebs’’ have also been observed in scalp
biopsies from LAH patients (Kljuic et al., 2003). In this region,
there is normally a gradual transition from proliferating matrix
keratinocytes to differentiating precortical cells. It has been
postulated that lanceolate hairs arise from an intermittent
perturbation of keratinocyte differentiation in the setting of
disrupted cell–cell adhesion due to defective Dsg4, which
represents the principal desmosomal cadherin in the hair
follicle (Montagutelli et al., 1996; Sundberg et al., 2000;
Kljuic et al., 2003). Without functional Dsg4, precortical cells
are torn away from their neighbors, after which they undergo
premature, abrupt, and abnormal keratinization (Kljuic et al.,
2003). The lanceolate hair phenotype thus reflects the critical
role of cell–cell adhesion mediated by Dsg4 in coordinating
hair shaft differentiation, which indirectly provides structural
integrity to the whole follicle.
Here, we report three siblings of Iraqi and Iranian origin
with LAH that presented with congenital scalp erosions and
monilethrix-like hairs, features that have not been previously
described in this disorder. We identified novel compound
heterozygous DSG4 mutations, including a splice-site muta-
tion and a missense mutation that is expected to disrupt a
conserved calcium-binding site, in the affected members of
this family. These observations broaden the phenotypic and
genotypic spectrum of LAH, further illustrating the con-
sequences of DSG4 dysfunction on epidermal and hair shaft
integrity.
RESULTS
Clinical features
The proband, a 2-year-old girl (Figure 1g, II-1), was the first
child of unaffected, nonconsanguineous parents of Iraqi and
Iranian Jewish descent (Figure 1g). There was no family
history of hair disorders. Following her birth at 36 weeks
gestational age via an uncomplicated, spontaneous vaginal
delivery with vertex presentation, the patient was noted to
have sparse, stubbly hairs on the scalp (Figure 1a) and a
complete lack of eyebrows and eyelashes (not shown).
Several 0.5–2 cm, irregularly shaped erosions with serous
and focal hemorrhagic crusting were present on the superior
scalp and vertex, within a background of dark red erythema
(Figure 1b). No blisters or oral lesions were observed.
Bacterial, fungal, and viral cultures of the erosions as well
as direct fluorescent antibody testing for herpes simplex virus
were negative. The erosions healed over the first few months
of life and did not recur.
The patient subsequently developed coarse, short, brittle
hairs over most of the scalp, appearing as stubble and ‘‘black
dots’’ clinically (Figure 1c). The hair growth was accom-
panied by the occurrence of numerous follicular papules on
the scalp, which were associated with mild erythema, a
variable degree of hyperkeratosis, and severe pruritus (Figure
1d). These lesions were minimally responsive to therapy with
potent topical corticosteroids and tacrolimus 0.1% ointment.
The patient was otherwise healthy, with normal growth and
development. She had no palmoplantar keratoderma, hypo-
hidrosis, other skin lesions, or abnormalities of the nails and
teeth.
The possibility of monilethrix was initially considered
based on the findings of several trichograms (Figure 1e and f);
however, genetic analysis of the genes encoding hHb1,
hHb3, and hHb6 revealed no mutations (performed by Paul E
Bowden, Cardiff).
The proband’s 4-month-old affected fraternal twin broth-
ers (Figure 1g, II-2 and II-3) were born via Cesarean section at
32 weeks’ gestational age. At the time of birth, they both had
scattered, patchy areas of dark stubble level with the surface
of the skin on their scalps. Neither twin had eyebrow hairs,
and only twin II-3 had sparse eyelashes. Several 2–4 mm
erosions with brownish-black crusts were evident on the
superior scalp of twin II-2. The remainder of their skin was
normal in appearance. Twin II-2’s crusted erosions healed
during the following 2 weeks and did not recur. The twins’
scalp hair grew minimally over the first few months of life,
and they have had no other medical problems.
Histologic features
Light microscopic examination of the proband’s hairs
demonstrated an uneven, undulating diameter (Figure 1e
and f); some areas appeared as separate elliptical nodal
fragments with tapered ends (Figure 1f). Many hairs displayed
trichoschisis characterized by rounded, frayed ends (Figure
1e), and other hairs showed bent shafts or longitudinal
twisting suggestive of pili torti (Figure 1e and f).
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Figure 1. Clinical presentation and family pedigree of the new LAH case.
(a) Patchy stubble and (b) irregularly shaped erosions on the older sibling’s (II-
1) scalp during the first few days of life. (c, d) Short, sparse hairs and follicular
papules on the scalp of individual II-1 at age 2 years. (e, f) Trichogram
showing elliptical nodes, an irregular diameter and bending, and trichoschi-
sis. (g) The three affected siblings belong to a nonconsanguineous pedigree,
with a mother (I-1) of Iranian and a father (I-2) of Iraqi descent.
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A biopsy specimen from an erythematous area on the
proband’s supra-auricular scalp at age 3 days revealed a thin
epidermis, slight fibrosis of the upper dermis, and a decreased
number of pilosebaceous units (Figure 2a). A hair shaft of
uneven diameter was present within one short, thin anagen
follicle. In a second scalp biopsy performed at age 18
months, terminal anagen hair follicles had a normal density
but a markedly irregular structure, including two or three hair
follicles converging in a single ostium (Figure 2b). The
formation of dilated ‘‘blebs’’ was evident in the hair shafts of
some follicles (Figure 2d). There was an irregular boundary
between the inner root sheath and the hair shaft, and the
cortex of the shafts was distorted in appearance (Figure 2d
and f). Some hair shafts exhibited a jagged shape and
fragmentation (Figure 2d and f). The interfollicular epidermis
was slightly hyperplastic with focal parakeratosis (Figure 2c
and e).
Identification of mutations in the DSG4 gene
After exclusion of the hair keratin genes, and because the
clinical and histological findings were reminiscent of the
diagnosis of LAH, we next sequenced the DSG4 gene in the
unaffected parents (I-1 and I-2) and the three affected
offsprings (II-1, II-2, and II-3). We identified compound
heterozygous mutations in the DSG4 gene in all three
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Figure 2. Histologic findings of scalp biopsies from affected individual II-1
and normal expression of DSG4 in human skin. (a) A biopsy from a
noneroded area of the scalp performed on day of life 3 (II-1), demonstrating a
thin epidermis, slight fibrosis of the upper dermis, and a hair shaft of uneven
diameter within one short, thin anagen follicle. (b–f) A scalp biopsy performed
at age 18 months (II-1), showing terminal anagen hairs of normal density with
distorted shafts. (b) Up to three hair follicles converge in a single ostium.
(c) Slightly hyperplastic epidermis with focal parakeratosis (inset, e) and
abnormal stratum corneum. (d) Broken lance head-like hair shaft in an
irregular follicle with abnormally keratinizing trichocytes (inset). (f) Irregular
hair shafts with an abnormal cortex (arrows). (g) DSG4 expression (green) in
normal epidermis is confined to the high spinous and granular layers. (h) The
hair cortex is the main expression domain of DSG4 in the hair follicle,
consistent with the sites of phenotypic manifestation. (a) Bar¼100 mm;
(b) Bar¼200 mm; (c, g) Bar¼40 mm; (d, f) Bar¼ 70mm; (e) Bar¼ 15 mm;
(h) Bar¼85 mm.
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Figure 3. Molecular analysis of the DSG4 gene in the family. (a) Sequence
analysis of the PCR products revealed a mutation in the 50 donor splice site of
intron 3 in all affected individuals. This mutation is designated 216þ 1G4T.
The second mutation is a C-to-G transversion resulting in the substitution of a
highly conserved proline at amino acid 267 by arginine (P267R), identified in
all affected individuals. The mother and father are heterozygous carriers of the
splice site (216þ 1G4T) and missense mutation (P267R), respectively.
(b) Amino-acid sequence of the region surrounding the mutation, showing the
highly conserved residues in and around the calcium-binding pocket, as well
as the mutated proline 267, highlighted in red, and conserved in both
classical and desmosomal cadherins (Patel et al., 2003). (c) Worm diagrams of
the calcium-binding sites from the crystal structure of C-cadherin (Boggon
et al., 2002) for each calcium-binding region, EC1–EC2, EC2–EC3, EC3–EC4,
and EC4–EC5. The DSG4 P267R mutation corresponds to C-cadherin P219.
However, all cadherin calcium-binding sites contain analogous proline
residues. Each of these is circled in red for all four such residues in the crystal
structure of C-cadherin. The affected interface, EC2–EC3, is boxed in red.
(d, e) Immunohistochemistry of patient’s versus control scalp reveals a
decrease in the intensity of DSG4 staining, reflecting the loss of functional
mRNA from the maternal mutant allele. (d, e) Bar¼ 40mm.
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affected children. The first mutation is a G-to-T transversion
at the þ 1 position of the 50 donor splice site of intron 3,
which changes the invariant GT dinucleotide to a TT
dinucleotide, and is designated 216þ1G4T (Figure 3a).
This mutation is predicted to severely disrupt splice site
recognition at the 50 donor splice site of intron 3 (Shapiro and
Senapathy, 1987). The splicing efficiency score of the wild-
type splice junction is 87.59, and in the mutant allele, is
significantly reduced to 69.34, consistent with a predicted
inability of this junction to mediate normal splicing. mRNA
was not available from the affected individuals to assess the
effect of this mutation on the activation of cryptic splice sites
or the amount of residual normal mRNA. This mutation is
carried on the maternal DSG4 allele, and the mother (I-1) is
an unaffected heterozygous carrier (Figure 3a). This mutation
was not identified in 42 unrelated, unaffected control
individuals (not shown), which, taken together with its
predicted severe consequence and its absence as an
identified single-nucleotide polymorphism in the databases,
argues against it being a neutral polymorphism.
The second mutation identified in all affected individuals
is a C-to-G transversion at nucleotide position 800 in exon 7,
which occurs in the second position of a proline residue
(CCC to CGC), resulting in the substitution of a highly
conserved proline (Figure 3b) at amino acid 267 by arginine
(P267R). Proline 267 occurs at a critical position relative to
the conserved calcium-binding pocket within the extra-
cellular cadherin EC2–EC3 domain interface of DSG4 (Figure
3c). Each calcium-binding pocket contains an adjacent
proline residue that is invariant and considered critical to
maintaining the integrity of the pocket (Figure 3c, see below).
Proline 267 is evolutionarily highly conserved in all
desmosomal and some classical cadherins (Figure 3b),
suggesting that it is of importance to their function. This
mutation is carried on the paternal DSG4 allele, and the
father (I-2) is also an unaffected heterozygous carrier (Figure
3a). The mutation P267R was not identified in 42 unrelated,
unaffected control individuals (not shown). Taken together
with the high evolutionary conservation of proline 267 and its
absence as an identified single-nucleotide polymorphism in
the databases, this argues against it being a neutral
polymorphism.
Reduced DSG4 protein expression in affected skin
We compared the intensity of staining of DSG4 immuno-
reactivity in patient versus control skin (Figure 3d and e).
Note the appreciable reduction of DSG4 staining in
patient epidermis, reflecting the loss of mRNA transcript as
a consequence of mis-splicing from the maternal mutant
allele.
DISCUSSION
Desmoglein 4 is expressed in the inner epithelial layers of the
hair follicle, where it plays a pivotal role in allowing the
execution of differentiation programs (Figure 2h). The
importance of proper cell–cell adhesion during hair follicle
development is underscored by the prominent hair abnorm-
alities in several human diseases that result from inherited
defects in desmosomal components. The desmosomal plaque
is an intricate protein complex that links cadherin pairs on the
intracellular face to the keratin intermediate filament network
via plakin and armadillo family members. Mutations in genes
encoding proteins in all three families can result in disorders
that affect the skin and hair follicle (McGrath and Wessago-
wit, 2005). The triad of woolly scalp hair, palmoplantar
keratoderma, and cardiomyopathy can result from recessive
mutations in plakogloblin (Naxos disease) or desmoplakin
(DSP; Carvajal syndrome), members of the armadillo and
plakin families, respectively, that are also important compo-
nents of adherens junctions in the heart (McKoy et al., 2000;
Cheong et al., 2005). Other recessive DSP mutations can lead
to skin fragility, including a lethal acantholytic form of
epidermolysis bullosa associated with complete alopecia,
and dominant mutations in either DSP or DSG1 can cause
striate palmoplantar keratoderma without associated hair or
extracutaneous findings (Cheong et al., 2005; Jonkman et al.,
2005). Lastly, mutations in plakophilin 1 (PKP1), another
protein in the armadillo family, underlie the autosomal
recessive ectodermal dysplasia-skin fragility syndrome
(McGrath et al., 1997).
To date, DSG4 is the only desmosomal cadherin that has
been associated with an inherited human hair disorder
(McGrath and Wessagowit, 2005). Although mutations in
the mouse Dsg3 gene manifest with cyclical hair loss (the
‘‘balding’’ phenotype) as well as fragility of the skin and oral
mucosa (similar to that observed in human pemphigus
vulgaris), a human disease due to DSG3 mutations has not
yet been reported (Koch et al., 1997). Our patients’
congenital scalp erosions represent the first description of
skin fragility due to a DSG4 defect. The finding of cutaneous
fragility in LAH is not surprising, considering that DSG4 is
expressed in the suprabasal epidermis (Figure 2g) in addition
to the hair follicle (Figure 2h) (Kljuic et al., 2003). In a recent
study, anti-DSG1 antibodies crossreactive against DSG4
were found in the sera of 68% (13/19) of patients with the
mucocutaneous type of pemphigus vulgaris and 85% (17/20)
of those with pemphigus foliaceus (Nagasaka et al., 2004).
Unlike purely anti-DSG1 IgG, the anti-DSG4/DSG1 IgG
subset failed to induce blisters in neonatal mice. However,
the lack of a demonstrable pathogenic effect could have been
related to the recently reported substantially lower expression
of DSG4 in mouse epidermis compared to human epidermis
(Mahoney et al., 2006).
The transient nature of our patients’ congenital erosions
suggests that a lack of functional DSG4 can lead to cutaneous
fragility exclusively in the neonatal period. Our patients’
premature birth might have rendered their skin even more
susceptible to injury. The trauma of a vaginal delivery with
vertex presentation may have represented an additional factor
in the proband’s development of extensive scalp erosions in
the setting of an epidermis that was thin (data not shown and
Figure 2a) as well as fragile due to the DSG4 defect. Wu et al.
(2000) observed that DSG3 is expressed throughout the
epidermis in neonatal skin, rather than primarily in the lower
epidermal layers as in adults. Whether there is differential
expression of DSG4 in fetal or neonatal versus adult skin and
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the role of DSG4 in epidermal differentiation remain to be
determined.
Our patients’ hair during the neonatal period was highly
reminiscent of the ‘‘peach fuzz’’-like stubble of the lah J/lah J
mouse, the only animal model in which skin fragility has
been observed as a consequence of a Dsg4 defect (Sundberg
et al., 2000). Histologic analysis also revealed striking
similarities between our proband and lah mice and rats.
These included the swollen blebs in the bulbous changes and
misdirected hair shafts that were observed in previous human
LAH samples, as well as additional features such as
irregularities of the inner root sheath, distorted structure of
the cortex, multiple follicles converging in a single ostium, a
thickened dermis in the neonatal period, and hyperplasia of
the interfollicular epidermis with parakeratotic scale (Figures
1e and f and 2a–f) (Montagutelli et al., 1996; Sundberg et al.,
2000; Kljuic et al., 2003; Bazzi et al., 2004; Jahoda et al.,
2004; Meyer et al., 2004). Of note, the latter observation may
reflect abnormal differentiation of the interfollicular epider-
mis in the setting of defective DSG4.
We present the first description of the hair shaft
abnormality of human LAH, which consists of undulations
in hair shaft diameter characterized by fusiform swellings
separated by narrow, atrophic segments (Figure 1e and f).
This pattern has also been observed in lahJ/lahJ mice, and
resembles the periodic beading seen in monilethrix (Sund-
berg et al., 2000). Monilethrix, an autosomal dominant hair
shaft disorder caused by mutations in the genes encoding the
type II (basic) human hair shaft cortex keratins hHb1, 3, and
6, shares several clinical features with LAH. These include
short, sparse, fragile scalp hairs and follicular hyperkeratosis.
It is possible that families with autosomal recessive inheri-
tance of a monilethrix phenotype and no detectable
mutations in hair keratin genes may in fact actually represent
cases of LAH (Richard et al., 1996; Korge et al., 1999; Horev
et al., 2003).
Interestingly, the expression of hair shaft keratins (includ-
ing hHb2 and hHa4, markers for the cuticle and cortex,
respectively) is perturbed in lah mice and rats, with marked
suppression above the bulb area (Sundberg et al., 2000;
Kljuic et al., 2003; Bazzi et al., 2004). This reflects the failure
in differentiation that results from a lack of desmosomal
adhesion starting in the precortex region of the hair follicle.
Thus, abnormal keratinization due to aberrant cell–cell
adhesion and most likely signal transduction can lead to a
similar hair shaft defect and clinical phenotype as a direct
keratin defect.
Mutations in P-cadherin (CDH3), a member of the
classical cadherin family and a component of adherens
junctions rather than desmosomes, result in hypotrichosis
with juvenile macular dystrophy. This condition, like LAH, is
associated with fragile hair shafts that have a beaded
appearance reminiscent of monilethrix (Sprecher et al.,
2001). The underlying mutations in hypotrichosis with
juvenile macular dystrophy tend to affect the EC domains of
the P-cadherin protein (Indelman et al., 2003), which have
considerable homology to the desmosomal EC domains that
are disrupted in LAH (Patel et al., 2003). These observations
underscore the functional similarity of DSG4 and P-cadherin,
as well as the critical role of EC domains in epithelial
adhesion.
The P267R mutation corresponds to a proline residue that
is conserved in most classic and all desmosomal cadherin
putative calcium-binding sites (Figure 3b and c). Three
calcium ions are bound between each set of successive
domains in these cadherins, thus forming four calcium-
binding regions in each five-domain cadherin (Boggon et al.,
2002). The calcium-binding sites can be designated EC1–EC2,
EC2–EC3, EC3–EC4, and EC4–EC5, and each of these have
nearly identical structures optimized for coordination of three
calcium ions each. The proline of the P267R mutation in
DSG4 corresponds to P219 of the C-cadherin EC2–EC3 site.
Notably, corresponding proline residues serve an impor-
tant structural role in all cadherin calcium-binding sites of
known structure (Boggon et al., 2002; Patel et al., 2003),
further underscoring the importance of this residue. In each
calcium-binding site, the cyclic proline side chain contri-
butes to the formation of a hydrophobic core in the C-
terminal domain from each domain pair. Thus, in the
calcium-bound form, the membrane-distal parts of EC2,
EC3, EC4, and EC5 are stabilized by a core assembled around
proline residues that correspond to DSG4 P267. Mutation of
this residue to an arginine would prevent the formation of this
hydrophobic core, and thus disrupt the well-characterized
cadherin ectodomain rigidification at the EC2–EC3 interface
induced by calcium binding (Boggon et al., 2002). This
mutation, then, would be expected to cause a loss of function
similar to that observed for other calcium-binding site
mutants, which are known to abrogate the adhesive function
of other cadherins (Tamura et al., 1998).
The compound heterozygous mutations identified in this
family add to the series of DSG4 alleles that result in LAH,
providing further insight into the structure and function of the
DSG4 protein. Moreover, these cases expand the LAH
phenotype to include monilethrix-like hairs and cutaneous
fragility in the neonatal period. Increased awareness of LAH
as an entity in the differential diagnosis of autosomal forms of
hypotrichosis, particularly when associated with beaded hairs
and hyperkeratotic follicular papules, will allow recognition
of additional cases and better definition of the spectrum of
pathogenic DSG4 mutations.
MATERIALS AND METHODS
Molecular analysis of DSG4
After obtaining informed consent, we collected peripheral blood
samples from the three affected children and both parents in EDTA-
containing tubes (under institutional approval and in adherence to
the Declaration of Helsinki Principles). Genomic DNA was isolated
from these samples according to standard techniques (Sambrook
et al., 1989). To screen for a mutation in the human DSG4 gene, all
exons and splice junctions were PCR-amplified from genomic DNA
and sequenced directly in an ABI Prism 310 Automated Sequencer,
using the ABI Prism Big Dye Terminator Cycle Sequencing Ready
Reaction Kit (PE Applied Biosystems, Foster City, CA), following
purification in Centriflex Gel Filtration Cartridges (Edge Biosystems,
Gaithersburg, MD) as we described previously (Kljuic et al., 2003).
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The mutation was identified by visual inspection and comparison
with control sequences generated from unrelated, unaffected
individuals.
Immunofluorescence and immunohistochemistry
Frozen sections of human epidermis and individually dissected hair
follicles were stained using a mouse monoclonal antibody against
DSG4 (green), 18G8, and counterstained with 40,6-diamidino-2-
phenylindole-2HCl (blue) (Bazzi et al., 2006; Mahoney et al., 2006).
Immunohistochemistry was performed on paraffin sections of control
or affected (II-1) skin using an affinity-purified rabbit polyclonal
antibody against DSG4 (AP64, previously generated by My
Mahoney) according to procedures described previously (Kljuic
et al., 2003).
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